Background: During the past decade, quality of life (QoL) has become an accepted measure of disease impact, therapeutic outcome, and evaluation of interventions. So far, very little is known about the effects of communitybased interventions on people's QoL. Therefore, the effect of an integrative cardiovascular diseases communitybased intervention programme 'Hartslag Limburg' on QoL after 5-years of intervention is studied. Methods: A longitudinal cohort study comparing 5-year mean change in QoL between the intervention (n = 2356) and reference group (n = 758). QoL outcomes were the physical and mental health composite scores (PCS and MCS) measured by the RAND-36. Analyses were stratified for gender and socio-economic status (SES). Results: After 5-years of intervention we found no difference in mean change in PCS and MCS between the intervention and reference group in both genders and low-SES. However, for the moderate/high SES intervention group, the scales social functioning (-3.6, 95% CI:-6.1 to -1.2), physical role limitations (-5.3, 95% CI:-9.6 to -1.0), general mental health (-3.0, 95% CI:-4.7 to -1.3), vitality (-3.2, 95% CI:-5.1 to -1.3), and MCS (-1.8, 95% CI:-2.9 to -0.6) significantly changed compared with the reference group. These differences were due to a slight decrease of QoL in the intervention group and an increase of QoL in the reference group. Conclusion: Hartslag Limburg has no beneficial effect on people's physical and mental QoL after 5-years of intervention. In fact, subjects in the intervention group with a moderate/high SES, show a decrease on their mental QoL compared with the reference group.
Introduction
During the past decade there has been growing interest in measuring people's quality of life (QoL). Traditionally, outcome measurements in health care have mostly been determined by objective medical evaluation [1] . The interest in assessing QoL stems from recognition of the importance of patients' own perception of their health status and well-being. QoL has become an accepted measure of disease impact, therapeutic outcome, and evaluation of interventions.
Chronic diseases often affect people's QoL. Research shows that people with diabetes mellitus type 2, obesity, and cardiovascular diseases (CVD) have an decreased QoL [2] [3] [4] [5] . Moreover, people with favourable levels of CVD risk factors have greater longevity and tend to have a better QoL [2] . Therefore, health promotion may not only stimulate a healthy lifestyle but may also improve people's QoL. A widely advocated strategy in public health is community-based health promotion.
In 1998, a community-based CVD prevention program was initiated in the Netherlands, in the Maastricht region of the province of Limburg. The goal of Hartslag Limburg, Dutch for Heartbeat Limburg, is to reduce the CVD risk by a reduction in fat intake, an increase in physical activity, and smoking cessation [6] [7] [8] [9] . Hartslag Limburg and other community-based prevention programs have been proven effective in reducing cardiovascular and lifestyle risk factors [9] [10] [11] [12] . However, until now the effects of community-based interventions on people's QoL are not known. This is striking because QoL is a clinically important outcome of people's perspective on well-being. Therefore, the aim of the present study was to investigate the effect of Hartslag Limburg on QoL after 5-years of intervention.
Methods

Hartslag Limburg
In 1998, the community-based intervention project Hartslag Limburg started. The aim of the project was to decrease the prevalence of CVD in the general population of the Maastricht region (population 185,000) by encouraging the inhabitants to become physically active, reduce their fat intake, and quit smoking. Hartslag Limburg, incorporated two strategies: 1) a population strategy aimed at all inhabitants and specifically at low SES groups, and 2) a high-risk strategy focusing on individuals diagnosed with CVD or multiple CVD risk factors (e.g. hypertension, cholesterol, and overweight) [9] . The main partners in the community project are the city councils of Maastricht and four adjacent municipalities, the Regional Public Health Institute Maastricht (RPHI), two community social work organizations, and the regional community healthcare organization. Collaboration among these partners is achieved through nine local health committees that organize activities which promote and facilitate healthy lifestyles. From 1999 until 2003, a total of 790 interventions have been implemented, of which 590 were major interventions (193 diet, 361 physical activity, and 9 antismoking). Almost 50% of the interventions took place in low-income areas. Examples of activities include computer-tailored nutrition education, nutrition education tours in supermarkets, public-private collaboration with the retail sector, television programs, food labeling, smokefree areas, creating walking and bicycling clubs, walking and cycling campaigns, and a stop-smoking campaign, in addition to commercials on local television and radio, newspaper articles, and pamphlet distribution. A more detailed description of the project is available elsewhere [8] .
Ethics approval
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Study population
In this study, a cohort design was used to investigate the effect of the intervention. Changes observed in the intervention group were compared with changes in a reference group. The study population of both intervention and reference area originated from two former monitoring studies conducted by the Dutch National Institute for Public Health and the Environment [13, 14] .
The source population of the intervention region consisted of 13,184 men and women. From this group a gender-and age-stratified sample of 4,500 subjects was selected. This was done because the aim was to include at total of 3,000 subjects in the baseline measurement. A response rate of at least 65% was anticipated based on previous experiences. Of the selected 4,500 sample, 441 men and women were excluded because they had moved to another region. The remaining 4,059 subjects were invited to participate. 3,232 (80%) whished to participate in the study, but for economical and logistical reasons we were forced to include 3,000 subjects only. So the remaining 232 subjects that reported their interest in the study were excluded after the 3000 was reached. Of these 3,000 subjects, 2,414 (81%) participated in the 5-year follow-up measurement in 2003. In order to standardize the difference in age range in the two populations, participants younger than 30 years were excluded (n = 58) from the intervention population. Therefore, we analysed the data of 2,356 subjects from the intervention region.
The source population in the reference region was smaller, and for this reason all subjects were included in the study. These subjects participated in an ongoing cohort (the Doetinchem cohort), in which all participants were physically examined in 1998 and 2003. In 1998, a total of 1,115 were invited, of which 895 subjects participated (80%). Of these 895 subjects, 758 subjects (85%) participated in the follow-up measurement in 2003.
In total, analyses were performed on a population of 3,114 (2,356 in the intervention region and 758 in the reference region) men and women aged 31 to 70 years. Participants from both the reference and intervention areas were informed that the aim of the study was to monitor change in risk factors in adults over a 5-year period. Thus, they were not aware of the underlying aim of the present study. The study population has been described in more detail elsewhere [9] .
Data Collection
The measurements performed in the intervention and reference group consisted of identical standardized methods. In the reference area, data collection started in January and lasted until December of the same year. In the intervention area, data collection started in August (same year as reference group) and lasted until February the next year. The measurements included a physical examination at the Regional Public Health Institute and a self-administered questionnaire. The staff that performed the physical examination in the intervention region was not blinded for the goal of the study, but they were unaware of the values of the pre-intervention measurement when conducting the post-intervention measurement. The self-administered questionnaire consisted of questions on demographics, health status, QoL, current smoking, physical activity, diet, and chronic diseases. During the physical examination, blood pressure (systolic and diastolic), height, weight, waist circumference, and total and HDL cholesterol concentration were measured.
Quality of life
QoL was measured by the Dutch version of the RAND-36 Health Survey (RAND-36) [15] , which was translated from the standardized SF-36 Health Survey [16] . The RAND-36 consists of 36 questions which comprises of eight multi-item scales: physical functioning, social functioning, role limitations due to physical health problems, role limitations due to emotional problems, general mental health, vitality, bodily pain, and general health perception. In addition, two summary scores representing physical (PCS) and mental health (MCS) are generated. All scales were scored from 0 to 100, with higher scores indicating a better QoL [17] . The RAND-36 is a validated, reliable, and responsive measure with good psychometric properties [18] . The RAND-36 comprises of the same items as the SF-36 [19] , however, the methodology to derive the final scores is different, but the effect on the final score is minimal [16] . It is suggested that a minimum of three to five points difference on any given scale may be considered clinically important [20] .
Risk factors and diseases
Socio-economic status (SES) was defined by the highest level of education that was completed. Education was measured on a nine-point ordinal scale ranging from elementary school to completed university. Low socioeconomic status was defined as lower vocational or primary school. Current smoking status was assessed by asking the respondents whether they had smoked the last seven day (yes/no). Participants that indicated that they did smoke were categorized as smoker. Body mass index (BMI) was calculated as weight divided by height squared (kilograms per square meter). In this calculation one kilogram was subtracted from the measured weight, in order to adjust for the light indoor clothing. Presence of diseases at baseline was based on self-reported prevalence of one of the following diseases: myocardial infarction, stroke, cancer, or diabetes mellitus type 2. The occurrence of diseases between baseline and follow-up is determined by the absence of a disease at baseline and the self-reported presence of one or more of the above mentioned diseases at follow-up.
Statistical analysis
Descriptive data (means, standard deviation, and percentage) of the baseline characteristics of the intervention and reference population were presented for men and women separately. First, differences in study sample characteristics of the intervention and reference population by sex were examined using Students t-test for continuous variables and χ 2 -tests for categorical variables. Next, the effect of Hartslag Limburg on QoL was investigated by comparing change in the two summary RAND-36 scores, PCS and MCS, between the intervention group and the reference group using regression analyses. The dependent variable is change in PCS and MCS. Group status (intervention/reference) is the independent variable. The analyses were performed separately for men and women and adjusted for age, SES, presence of chronic diseases at baseline, occurrence of chronic diseases between baseline and follow-up, and mean of baseline and follow-up measurement of the variable under study. This last adjustment was done to neutralize possible effects of regression to the mean [21] . Finally, since Hartslag Limburg has a specific focus on low-SES groups, additional regression analyses were also stratified for SES. For all statistical testing, we used two-sided hypothesis testing with an alpha level of < 0.05. Data were analysed using SAS software version 9.1.
Results
Study population
Baseline characteristics of men and women measured in 1998 for the intervention and the reference population who completed follow-up in 2003 are shown in Table 1 .
Mean age of both populations was approximately 51 years. There were no significant differences in baseline characteristics in women between the two populations. However, men in the intervention group were younger, scored significantly lower on prevalence of cancer, vitality, and general health perception than men in the reference group. Additional analysis showed that at follow-up, responders (n = 3,114) (the total number of subjects with a pre-and post intervention measurement (intervention n = 2,356 and control n = 758)) compared with nonresponders (n = 682) scored higher on baseline PCS (50.4 vs. 49.0) and MCS (50.3 vs. 48.9), whereas no differences were found regarding age, gender, and SES.
Effect on QoL after 5-years
The mean and adjusted difference in change in QoL among men and women in the intervention and the reference group after 5-years of intervention are presented in Table 2 . After 5-years of intervention we found no difference in mean change in both PCS and MCS between the intervention and reference group across gender. For women, the differences between intervention and reference group were significant on the subscales social functioning (mean change between intervention and reference group -4.3, 95% CI: -6.9 to
-1.7), vitality (-3.0, 95% CI: -4.9 to -1.1), and bodily pain (-2.8, 95% CI: -5.5 to -0.2). For men there were no significant differences between the intervention and the reference group on any of the eight subscales, nor on the summary PCS and MCS scales.
Social economic status
The mean change and adjusted difference in change in QoL among low and moderate-high SES groups in the intervention and reference group after 5-years of intervention are presented in Table 3 . In the low SES intervention group (n = 1,239), physical functioning decreased significantly less (1.9, 95% CI: 0.0 to 3.8) during follow-up compared with the reference group (n = 401). For the moderate or high SES intervention group (n = 1,117), the scales social functioning (-3.6, 95% CI: -6.1 to -1.2), physical role limitations (-5.3, 95% CI: -9.6 to -1.0), general mental health (-3.0, 95% CI: -4.7 to -1.3), vitality (-3.2, 95% CI: -5.1 to -1.3), and MCS (-1.8, 95% CI: -2.9 to -0.6) significantly changed compared with the reference group (n = 357). These differences were due to a slight decrease of QoL in the intervention group compared with a slight increase of QoL in the reference group.
Discussion
This study focused on exploring the effect of a community-based prevention program on people's QoL. This is, to our best knowledge, the first study that prospectively determined the effect of a CVD community-based intervention (Hartslag Limburg) on people's QoL. We concluded that Hartslag Limburg has no beneficial effect on people's physical and mental QoL after 5-years of intervention. Only for women, differences between intervention and reference group were significant for the subscales social functioning, vitality, and bodily pain. In fact, subjects in the moderate/high SES intervention group, show a decrease on their mental health composite score compared with the reference group. These differences were due to a slight decrease of QoL subscales social functioning, general mental health and vitality in the moderate/high SES intervention group and an increase of those three QoL subscales in the reference group. Several outcomes of the effects of the program Hartslag Limburg have already been reported. Hartslag Limburg was not effective in changing smoking behaviour [22] , but was effective in reducing other cardiovascular and lifestyle risk factors (e.g. BMI, blood pressure, energy intake, and time spent on walking) [9, 12] . In this study, we anticipated a small decrease in the QoL in both groups (due to ageing), being less pronounced in the intervention group. However, this was not observed. On the contrary, the present study found a non-significant tendency for a reduction in QoL in the intervention group, and an improvement of QoL in the control group (six of the eight scales for women and four of the eight scales for men). Apparently the beneficial changes in CVD risk factors associated with the intervention program did not translate into a better perceived QoL. Maybe the cardiovascular and lifestyle risk changes were too modest to influence people's QoL. Seasonality can not explain the outcome of the study, because the preand post intervention measurement of subjects in intervention and control group took place in the same month.
Research has shown that SES is associated with (selfrated) health status [23] . Since Hartslag Limburg has a specific focus on low SES groups, analyses were stratified for SES. Previous analyses showed that Hartslag Limburg beneficially affected BMI, waist circumference, blood pressure, energy intake, fat intake, walking, and bicycling in low SES groups [9, 12] . Hence, we particularly anticipated an effect on QoL in this group. However, except for physical functioning no effects were observed in the low SES group.
Community-based CVD prevention programs are a widely advocated strategy in public health. So far, no studies have reported on the effects of community-based interventions on QoL. There is also limited data on the effect of health promotion programs and QoL. Comparison of outcomes is difficult because of differences in time periods over which the effects were measured, used methods, interventions, and study populations. Yet, there are some related studies that put our results in perspective. Improvement in the mental component of QoL has been reported after a cardiovascular lifestyle modification program of one year [24] . Also Lobo et al. found less impairment in QoL in the intervention group compared with a control group after an intervention program of 21 months [25] . The only study that also did not report a beneficial effect of a lifestyle program on QoL is the study of Cupples & McKnight, who investigated the effect of a 2-year health promotion program five years after enrolment in patients with angina [26] . However, these studies all focused on patients at high cardiovascular risk and were based on individually targeted interventions.
The strengths of our study are the longitudinal design, the use of a reference group, a large sample of subjects, and a follow-up of 5 years. The large number of participants included in this study ensures enough power to detect small differences. Finally, we used the RAND-36, which is a validated, reliable, and responsive questionnaire to measure QoL [18] .
This study also has some limitations that should be addressed. First, the number and selectiveness of dropouts may have biased the results. In our study, responders scored higher on baseline PCS and MCS compared with non-responders at the follow-up. No differences between non-responders and responders were found in age, gender, and SES. In this study however, over 80% of the subjects completed both the baseline and the 5-year follow-up measurement. So, it is not likely that drop-out might have changed our results. Second, it is well known that presence of chronic diseases can negatively effect people's QoL [3] [4] [5] . Therefore, the results of our study were adjusted for the presence or occurrence of myocardial infarction, stroke, cancer, and/or diabetes mellitus type 2. Unfortunately, no information was available about all chronic diseases (e.g. chronic obstructive pulmonary disease (COPD), depression and inflammatory bowel diseases). So, we could not control for them. However, the percentage of people in our study population, who are suffering from COPD and/or inflammatory bowel diseases, would probably be low. So, it is not likely to influence our results to a great extent.
In summary, this study showed that five years of community-based prevention did not lead to an improvement in QoL. In fact, subjects in the intervention group with a moderate/high SES, show a decrease on their mental QoL compared with the reference group. Although the health effects of Hartslag Limburg and other community based intervention have been previously established, this study does not provide an indication that these types of programs should be implemented to favourably improve the QoL in the general population.
Conclusion
We found that Hartslag Limburg has no beneficial effect on people's physical and mental QoL after 5-years of intervention. No substantial effects were observed in men and women. However, people in the intervention group with a moderate or high SES had a relative decrease in mental QoL compared to their peers in the reference group.
